objective To assess the economic impact of epilepsy in Bhutan, a lower-middle-income country with a universal health care system, but with limited access to neurological care.
Introduction
While epilepsy is common globally, developing countries bear a disproportionate share of the burden of epilepsy. More than 85% of the global burden of epilepsy is estimated to occur in low-and lower-middle-income countries (LLMICs), although these countries comprise just under half of the world's population [1] [2] [3] . Access to treatment for epilepsy in LLMICs is generally limited, with more than 75% of epilepsy patients in most lowincome countries and more than 50% of epilepsy patients in middle-income countries not receiving medical therapy [4] .
Epilepsy -particularly if not effectively treated -places a large physical and emotional burden on patients and can affect the economic well-being of families, through the cost of medical care and difficulty pursuing incomegenerating activities. Prior reviews have indicated that the costs of epilepsy may vary with the severity of disease, time since diagnosis, efficacy of antiseizure drug treatment and health insurance coverage [5, 6] .
Several recent studies from LLMICs have documented the high direct costs of epilepsy [7] [8] [9] [10] [11] , with out-ofpocket expenditure often accounting for a major proportion of a household's income. Additionally, indirect costs of epilepsy place a large burden on families and society: studies from Uganda [12] and Nigeria [10] found that many school-aged children with epilepsy were not attending school (43% in Uganda, 13% in Nigeria). However, insufficient data are available on the economic impact of epilepsy in LLMICs and the effect of health systems on this burden [6] .
We developed and implemented a survey for people with epilepsy (PWE) and their families in Bhutan, a lower-middle-income country. The survey included the direct costs of care, the indirect costs of illness such as missed school or employment and the relationship between seizure control and economic well-being. Bhutan provides a useful setting for an analysis of the economic burden of epilepsy; with a system of universal health care, medical services in Bhutan are generally free, but there are no neurologists or specialised care for epilepsy available. We use these survey data to assess the impact of universal health care on costs for PWE, as well as the effect of inadequate access to neurological care.
Methods

Setting
Bhutan, home to approximately 774 800 people [13] , is bordered by India and China and is primarily rural (61% of the population) [13] . Buddhism, the major religion, is practiced by approximately 75% of the population [14] . Bhutan had a gross national income per capita of 2370 USD in 2015 [13] . While the total unemployment in Bhutan was low (2.9%) in 2013, youth unemployment was higher (9.6% nationally, and 22.8% in urban areas) [15] .
The Jigme Dorji Wangchuk National Referral Hospital (JDWNRH), located in the capital city of Thimphu, is the tertiary referral centre serving all 20 districts of Bhutan. JDWNRH is the country's largest hospital, caring for approximately 13 000 patients per year [16] .
Bhutan has a universal health care system that provides medical care, medications and diagnostic tests free to patients at all public hospitals and basic health unit facilities for Bhutanese citizens [17] . Neurological care for epilepsy patients remains extremely scarce, with no electroencephalogram (EEG) services and no practicing neurologist in the country. PWE presenting to JDWNRH for epilepsy services are cared for by psychiatrists and psychiatry assistants or by general paediatricians. Some patients may also receive epilepsy care from army hospital providers, general practitioners, community healthcare workers and/or traditional healers. Computed tomography (CT) scans, magnetic resonance imaging (MRI) and standard laboratory services are available at JDWNRH. However, there is no genetic testing, Taenia solium testing or drug level testing in Bhutan. According to the Ministry of Health, there were 1559 cases of epilepsy in Bhutan in 2015 [16] .
Ethics
This study received approval from the Partners Healthcare Institutional Review Board as well as the Research Ethics Board convened by the Bhutanese Ministry of Health. All participants provided informed consent (written or by thumbprint). For PWE <18 years old, the parent or guardian provided written consent and answered the survey about the child participant.
Participants, recruitment and enrolment
Participants were PWE of any age who presented to the JDWNRH Department of Psychiatry's outpatient clinic for epilepsy care (January-August 2016). Recruitment occurred by: (i) PWE presenting for their regularly scheduled appointments with a psychiatrist or psychiatry assistant or (ii) PWE selected from the clinic registry and contacted to participate in an international study on the diagnostic utility of routine EEG in a low-resource setting; these participants were asked to participate in the economic impact survey on the day of their study EEG.
Epilepsy was defined as ≥2 unprovoked seizures >24 h apart [18] , with the diagnosis confirmed by a US-based neurologist via the clinical history and focused neurological examination if needed. Patients with a history of a single seizure, seizure only in the presence of fever, or who were determined through clinical assessment by a research team neurologist to have psychogenic non-epileptic events, syncope or other non-epileptic events were excluded.
Comparison households
Each participant was asked to identify a sibling or friend living in the same town or city as the participant, but in a separate household with no person with epilepsy. This individual was used as a matched comparison, matched for geographic region, urban vs. rural setting and additional cultural factors that may influence socio-economic status. Participants were asked about demographics and household economic status (including household assets, income and expenses) of the comparison household they selected.
Data collection and analysis
Questions encompassed demographic and clinical information, costs of epilepsy care, school attendance or employment, plus household income, expenses and assets (Appendix 1). Surveys were administered by research staff unaffiliated with JDWNRH in the language of the participant, usually English or Dzongkha. Data were entered into a RedCap database [19] . Analyses were conducted using Stata version 14 (College Park, TX). The exchange of 1 USD = 66.4 Bhutanese Ngultrum (BTN) as of 1 May 2016 (approximately the mid-point of the study period) was used (www.exchangerates.co.uk).
Epilepsy assessment
To assess disease severity, participants provided detailed accounts of their symptoms and events, including seizure frequency in the prior month and year. Epilepsy duration was counted from the time of first seizure onset until the interview date, excluding childhood febrile seizures. Prior research in Bhutan on the aetiology of seizures using brain MRIs identified a high prevalence of mesial temporal sclerosis (53%), neurocysticercosis (12%) and congenital/perinatal abnormalities (14%) [20] .
Economic evaluation
To assess out-of-pocket direct costs of epilepsy, participants (or parents/guardians in the case of child participants) provided self-reports of number of visits to and payments for outpatient clinics (both to local health centres and the epilepsy clinic at the JDWNRH), number of days and daily cost of inpatient hospitalisations, cost of medications, diagnostic tests performed and payments for these tests and round-trip transportation to clinics. Costs of traditional medicine or other alternative therapies were not included in this study. Participants were asked to recall these health expenditures over the prior year; all reported payments were out-of-pocket costs only.
Indirect economic costs were defined as lost productivity relating to epilepsy. Indirect costs included days of work or school missed by the PWE per year due to epilepsy (including days of university missed by adult students), as well as days of work missed by others in the family because of caring for the individual with epilepsy. School age was defined as age 6 through 17 years, in line with the standard age of school entry and secondary school graduation for children in Bhutan. Employment status was assessed; for this purpose, individuals who served as monks or nuns were considered to be employed.
Participants reported monthly household income and total expenses for all members in the household. For household socioeconomic status, information on a list of household characteristics was collected, and converted to classify households into one of five wealth quintiles using the standard proposed by the Demographic and Health Surveillance Survey [21, 22] . Principal component analysis was used to combine socioeconomic variables into explainable variation due to one latent variable (wealth), giving wealth scores based on this analysis. Variables used in the wealth analysis included household income, household expenses, food expenses, items at home (including running water, toilet or latrine, television and refrigerator), animals at home (including cattle/oxen, chickens and goats), bank account usage and home ownership. Differences in socio-economic outcomes between participants and comparisons were assessed using a paired t-test.
Multivariable linear regression analysis was conducted to assess the relationship between potential explanatory variables and economic outcomes such as medical costs, household income and school attainment among both participant and comparison households. A backwards, stepwise approach was used to select covariates with a threshold of P < 0.05.
Results
Participant characteristics
Participants included 130 adults, (46% male), and 42 children, (57% male). As shown in Table 1 , participants' age ranged from 6 months to 78 years old. Sixty-seven participants (40%) lived in urban areas ≥100 000 people (generally, neighbourhoods of the capital city, Thimphu). Additionally, 37 (28%) adults were unemployed, and nine (21%) children were of school age (6 years or older) but not in school.
Epilepsy characteristics
The average duration of epilepsy since symptom onset among adult participants was 8.0 years (SD: 7.1 years), while child participants had an average epilepsy duration of 5.9 years (SD: 5.3 years). There was an average delay of 1.8 years (adult) and 1.5 years (child) between seizure onset and epilepsy diagnosis. In total, 94% of participants reported experiencing at least some generalised seizures. Of those with generalised seizures, 56% reported features most consistent with localisation-related epilepsy, and 42% had features most consistent with primarily generalised epilepsy.
Twenty-three (18%) adults and two (5%) children had well-controlled epilepsy with no seizures in the previous year (Table 1) . About one-third of adults and almost half of children had seizures at least once per month, of these 28 (22%) adults and 15 (36%) children had at least weekly seizures. The majority of participants (approximately three-quarters of both adult and child participants) were taking one antiseizure medication, and 20% took multiple medications. Using a pragmatic definition of medication-resistant epilepsy to mean (i) onset of seizures at least one year prior, (ii) currently taking >1 antiseizure medication, and (iii) at least one seizure per year [20] , 25 (19%) adult and five (12%) child participants met criteria for drug resistance. range 700 to 11 000 BTN). Although health services in Bhutan are normally provided free of charge to the patient through the public system, some individuals reported receiving care from private providers or traveling outside of the country for care, for reasons including proximity to home, personal knowledge of a specific preferred provider or search for a more specialised level of neurological care than that available in Bhutan.
Among participants who visited a local health centre for epilepsy, nearly half lived <30 min from the centre. For transportation to the epilepsy clinic at the main hospital, 67 (40%) participants travelled <30 min to the hospital, while 36 (22%) participants travelled at least five hours (up to two to three days) each direction. Out-of-pocket costs for transportation to and from clinic or hospital visits for epilepsy care averaged 3231 BTN (49 USD) per year.
The mean total direct out-of-pocket cost for epilepsy per year (Table 2) , including outpatient visits, hospitalisations, medications, diagnostic tests and transportation, was 6054 BTN (91 USD; range 0 to 127 000 BTN). Of this average total cost, transportation costs accounted for the largest component (53%). On average, direct out-of-pocket costs of epilepsy accounted for 3.2% of yearly household income. Transportation costs alone accounted for an average of 1.7% of yearly household income. Several households were outliers, suffering a particularly high cost of medical care, or for whom out-of-pocket costs accounted for a large percentage of household income. There were 22 households that spent ≥5% of household income on direct costs of epilepsy of these households; transportation accounted for an average of 56% of their direct costs.
On multivariate linear regression analysis (Appendix 2), among participants with epilepsy, a higher number of antiseizure medications (Coef: 6917; P < 0.001), greater distance to the main hospital (Coef: 5268; P = 0.015) and higher patient age (Coef: 261; P = 0.003) were associated with increased annual direct costs of epilepsy.
Indirect costs of epilepsy
Days of work missed by adults and children with epilepsy and the adult family members caring for them are illustrated in Table 3 . Among adult participants, 23 (18%) stopped work or school entirely because of their seizures. Of the 38 children ≥6 years of age, seven (18%) had withdrawn from school because of seizures.
A multivariate linear regression model (Appendix 2) of participants with epilepsy and comparisons revealed that when controlling for the presence of epilepsy, higher age (Coefficient: À0.026; P < 0.001) and higher frequency of seizures in the past month (Coefficient: À0.227; P = 0.011) was both statistically significantly associated with lower levels of school attainment.
Socio-economic status in households with vs. without PWE
Median monthly household income (total combined income of all household members) was 25 000 BTN (377 USD), IQR 25 000 BTN (377 USD). The median monthly income per person in the household was 5000 BTN (75 USD), IQR 4500 BTN (68 USD). Compared to households of matched siblings or friends without epilepsy (Table 4) , households of participants with epilepsy had lower per-person monthly household income (6434 BTN [97 USD] vs. 8892 [134 USD], P = 0.027). There was no significant difference in wealth quintile (3.02 in households with epilepsy vs. 3.01 in households without epilepsy, P = 0.871). Stepwise multivariate linear regression analysis (Appendix 2) revealed that, when controlling for town size, there was a significant association between having a PWE in the household and a lower per-person household income (Coefficient: À2607; P = 0.027).
Discussion
Despite the availability of universal health care, PWE in Bhutan experience a high economic burden. First, although most PWE in Bhutan receive health services at low to no out-of-pocket costs, many families still spent a notable proportion of household income on care for the person with epilepsy, with transportation costs alone accounting for an average of 1.7% of annual household income. Second, we found that families with a person with epilepsy may experience a negative impact on household income as compared to comparison households. Third, in this environment where control of seizures was often poor, participants reported high indirect costs of epilepsy, including major negative impacts on school attendance and employment.
Compared to estimates of annual direct out-of-pocket costs in other LLMICs, including in India in 1998 (93 USD per patient) [8] , and in the past decade in China (372 USD per patient) [7] and Nigeria (163 USD per patient in one study [11] , 288 USD per patient for medications alone in another [10] ), the average out-of-pocket direct costs of epilepsy in Bhutan of 91 USD per patient per year was lower. Adjusting for purchasing power parity, these differences become smaller, with an estimated direct cost of 297 international dollars (I$) yearly per patient in Bhutan compared to I$371 in India, I$801 in China and I$321 in the first study in Nigeria. However, these comparison studies predated our survey, making comparability uncertain.
The out-of-pocket costs for PWE in Bhutan accounted for an average of 3.2% of annual household income. As a comparison, a study in Nigeria, where very few patients had any form of insurance, found that more than half of families spent at least 20% of their household income on epilepsy care yearly [10] . By allowing PWE to receive many components of their care -including clinic visits and medications -free of out-of-pocket cost, universal health care in Bhutan may reduce the direct economic burden of epilepsy on families compared to other locations.
However, many participants faced substantial out-ofpocket costs for transportation to and from frequent outpatient clinic visits for medication refills or follow-up visits, which account for a majority of the overall out-ofpocket epilepsy-related expenditures. This result parallels studies in India [8] and the Netherlands [23] that identified transportation as one of the largest contributors to out-of-pocket costs of epilepsy to patients.
With no neurologist in the country, PWE in Bhutan rely on practitioners who have not received specialised training in epilepsy diagnosis and management. Overall, participants in this study had poor seizure control, with <25% of adults and just 5% of children free from seizures for at least one year, a finding consistent with prior evidence of suboptimal medical management of epilepsy in Bhutan [24] . Many PWE experienced seizures on a weekly or daily basis, with significant potential to disrupt their daily activities and productivity. On multivariate linear regression, when adjusted for other factors, a higher frequency of seizures was a significant predictor of lower levels of school completion.
PWE in Bhutan experienced substantial indirect economic costs, particularly in lost economic opportunity. Children attending school missed nearly four weeks of school per year on average, while many other children (18%) had dropped out of school entirely because of their epilepsy. Among adults with epilepsy, 28% were out of work or school, a number that compares poorly to the country's overall unemployment rate of 3%, or youth unemployment rate of 10% [15] . Nearly one in five adults had stopped working or attending school due to epilepsy -citing reasons ranging from fear of injury from a seizure in the workplace, to inability to carry out their jobs or schoolwork because of frequent seizures, to feelings of shame or embarrassment. Family members of PWE are also affected, with other adults in the family missing an average of seven days of work each year to provide care for an adult with epilepsy, and nearly 17 days for a child with epilepsy. Overall, our findings indicate that, even in a setting where direct medical costs are low, indirect costs of epilepsy from lost productivity can place a major economic burden on families, particularly when control of seizures is poor and stigma towards those with epilepsy remain high [25] .
Finally, we compared the economic status of participants with epilepsy and matched comparisons and found a significant difference in per-person monthly household income between households with and without an individual with epilepsy. This suggests that the direct and indirect costs of epilepsy may negatively affect a household's overall economic well-being in Bhutan. However, we did not find any difference in wealth quintile between households with and without epilepsy, indicating that these differences in incomes may not necessarily translate into differences in household assets.
Several limitations of this study must be acknowledged. First, our study relied on participants' self-report of costs, as well as of comparison households' information. Without comprehensive financial records, this was the most feasible means of obtaining cost information, as is the case in many LLMICs. We mitigated this limitation by having participants provide information about costs they were likely familiar with, such as transportation from home to a health centre, that occurred within the prior year only, as well as comparison household information about people they knew well (siblings and friends).
Individuals living in Thimphu were likely overrepresented in our sample; more than one-third of our participants yielded from Thimphu, while the population of Thimphu represents just 16% of the population of Bhutan as a whole [26] . Similar to other clinic-based samples, there is a risk of referral bias. Referred patients may have seizures that were more difficult to control, which may result in an overestimation of costs. Conversely, people with the most severe epilepsy may not have been able to make the journey to the hospital, leading to potential underestimation of the costs. Those who are unable to obtain medical care may also be expected to have poorer control of seizures, resulting in increased indirect economic costs due to lost productivity. In absence of any population-based study of epilepsy beyond self-reported declaration of the diagnosis on national health surveys, the true range and impact of epilepsy remain difficult to measure nationally.
Conclusion
Universal health care may protect families in Bhutan from some of the direct cost burdens of caring for a person with epilepsy. However, with low availability of neurological care, and with many individuals with epilepsy continuing to suffer from frequent seizures and stigma, the economic prospects of individuals with epilepsy and their families can be heavily impacted. As transportation constituted the greatest component of out-of-pocket costs for payments, reducing the frequency of in-person visits for medication refills or providing travel reimbursement could reduce the cost of epilepsy to families. At a societal level, partnering with school teachers and employers to promote safe and welcoming school and work environments may support the progress of PWE. This study also emphasises the urgent importance of ensuring that individuals with epilepsy in LLMICs have access to high-quality care. Promoting the capacity of health providers to care for PWE, both by providing specialised neurological care as well as by training local health providers in epilepsy diagnosis and treatment, could improve seizure management and reduce the economic burden of this condition. In the past month? _______________ In the past year? ______________
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